Investigations into combined dietary deficiencies of copper, selenium, and vitamin E in the rat.
Interactions between dietary Cu, Se, and vitamin E in ascorbate-induced hemolysis of erythrocytes obtained from rats fed diets deficient or adequate in these elements were investigated. Hemolysis was affected by all three dietary factors, through closely interrelated but distinct mechanisms. In vitamin E-deficient cells, hemolysis was increased and the amount of hemolysis was directly related to the amount of hemoglobin breakdown. Deficiency of Cu or Se decreased hemolysis, but only in vitamin E-deficient cells. Vitamin E did not affect the breakdown of hemoglobin, but Cu and Se did. Hemolysis and hemoglobin breakdown were decreased by the addition of glucose, through mechanisms independent of that involving reduced glutathione metabolism. These results suggest that vitamin E acts within erythrocyte membranes to prevent products of hemoglobin breakdown from initiating peroxidation and subsequent hemolysis. Effects of Cu and Se are linked with that of vitamin E by the involvement of glutathione peroxidase and Cu superoxide dismutase in the cytoplasmic breakdown of hemoglobin, rather than by a direct effect of these enzymes on lipid peroxidation. It is concluded that the erythrocyte, because of its high heme content, probably represents a special system in terms of peroxidative pathways, and these findings may not be directly applicable to other tissues.